Introduction
Over the last few decades, computer-aid molecular docking technology has grown significantly in the development of new drug molecules. As a powerful technique, it relives the tension in drug discovery such as time-consuming, high-cost and low success rates. Additionally, with rapid development of biological structures and computer technology, this technology is widely used in mycotoxin toxicity pathway research (Shoichet et al., 2002; Powers and Setzer, 2015) .
Using direct docking methods or virtual high-throughput screening, affinity of molecules to targets can be estimated based on compounds' conformation and complementarity with residues in binding site. Through analysis of binding free energies, further filtering and optimization of possible molecules subsequently follow, a limited number of lead molecules are selected for in vitro bioactivity tests. Automatic docking is aimed at the determination of the optimal position and orientation of molecule in binding pocket of particular protein target (Verdonk et al., 2011; Śledź and Caflisch, 2017) . Quality of protein-ligand interactions are usually qualified by ligand efficiency (LE) and average binding energy per non-hydrogen atom of the ligand. While virtual highthroughput screening is performed to evaluate libraries of molecules for binding affinity to the protein target. This HTS strategy can shortlist compounds that are most likely to bind to the selected target with the highest affinity. A plethora of software have been developed for molecular docking including Dock, GOLD, and AutoDock, et. In addition, other docking strategies such as flexible ligand docking, fragment docking and fragment growing have been used in high-throughput docking campaigns (Macalino et al., 2015; Leelanada and Lindert, 2016) .
In our research, we used the computer-aid molecular docking software-Discovery Studio 3.1 client (Accelrys, USA) to test the mechanism of aflatoxins and illustrate the pathway of aflatoxin's toxication. We also used this technology to test the preliminary toxicity of zearalenone and its two degradation products: α-zearalenol and β-zearalenol, which indicates that these three products possessed significant estrogenic activity.
Materials and Methods
The 2D structure of Aflatoxin B1 and Oltipraz was generated by ChemDraw Ultra 12.0 (CambridgeSoft, Cambridge, MA, USA). A homology model of protein receptor was constructed from crystal structure of PDB: obtained from the RCSB protein Data Bank, Water molecules were removed and H atoms were added to the structure. 3D structures of the compounds were generated and optimized by the Discovery Studio 2.1 package (Accelrys, San Diego, CA, USA). The receptor-grid files were carried out using a grid-receptor generation program using default settings after ensuring that the ligands and the protein are in correct form. The GOLD program in the Discovery Studio software was used to perform the docking simulations, which allows full flexibility of the ligand.
The structures of the aflatoxins ，zearalenone, α-zearalenol and β-zearalenol were drawn in chem3D with standard lengths and angles. The Gasteiger-Huckel charge, with a distancedependent dielectric function, and AM1 docking calculations were applied for the minimization of the molecules. To modify the structure of receptor, missing atoms, bonds, and contacts were checked, hydrogen atoms were added to the enzyme structure, and water molecules were removed. Intercalation models were optimized using the CHARMm forcefield with the added parameters. After performing the docking simulation, the scores of the docked conformers were ranked the best binding modes in the cavity was picked out.
Results and Discussion

Aflatoxin toxicity analysis
Aflatoxins are among the most potent natural hepato-carcinogenic products, which are produced mainly by the fungi Aspergillus flavus and A. parasiticus. Twelve aflatoxins analogues including aflatoxin B1, B2, G1, M1, P1, Q1, H1, GM, B2a and aflatoxicol have been separated and identified. The basic structures of aflatoxins are dihydrofuran, coumarin and aflatoxin B1(AFTB1), which is the analogue of dihydrofuran oxynaphthalene, contains two furan rings (the basic toxic structure) and one cumarin (Eaton and Gallagher, 1994; Koudande, 2013) . The interaction between AFTB1 and receptor proteins
In our research, we chose some kinds of proteins which play significant roles in cell apoptosis, estrogen metabolism, immunosuppression and digestive system function as the potential targets of the toxic pathway of aflatoxin b1, including Caspase-1, cell division protein kinase 2, serine/threonine protein kinase chk1, progesterone receptor, androgen receptor, estrogen receptor, alpha-thrombin, prostaglandin g/h synthase 2, estradiol 17-beta-dehydrogenase 1, macrophage migration inhibitory factor and estrogen sulfotransferase. We made AFTB1 molecular docked with the above proteins by molecular docking software, the results was shown in Tab 1. As the results shown, estrogen sulfotransferase was proved to be the best dock receptor of AFTB1 and the score were 130.22 and -10.9013 by Libdock and CDocker, respectively. The interaction between AFTB1 and estrogen sulfotransferase
We made AFTB1 docked with estrogen sulfotransferase, the docking result was shown in Fig. 2 . AFTB1 could perfectly docked into the formed cavity of estrogen sulfotransferase protein and there was formed cation-π interaction between the benzene ring and arginine residue (ARG B:129). The carbonyl group in coumarin formed hydrophobic interactions with tyrosine residue（TYR B:192） and the oxygen atom in furan ring formed hydrophobic interactions with arginine residue (ARG B:256).
The interaction between AFTB2 and estrogen sulfotransferase
We made AFTB2 docked with estrogen sulfotransferase, the docking result was shown in Fig. 3 . AFTB1 could perfectly docked into the formed cavity of estrogen sulfotransferase protein and there was formed cation-π interaction between the benzene ring and arginine residue (ARG B: 129). The carbonyl group in coumarin formed hydrophobic interactions with arginine residue（ARG B:256） ， allysine residue (LYS B:257) and glycine residue (GLY B:258). The interaction between AFTBM1 and estrogen sulfotransferase
We made AFTB M1 docked with estrogen sulfotransferase, the docking result was shown in Fig. 4 . AFTB1 could perfectly docked into the formed cavity of estrogen sulfotransferase protein and there was formed cation-π interaction between the benzene ring and arginine residue (ARG B:129). The phenolic hydroxy group furan ring hydrophobic interactions with arginine residue（ARG B:256), allysine residue (LYS B:257) and glycine residue (GLY B:258). The oxygen atom in furan ring formed hydrophobic interactions with arginine residue (ARG B:256). The interaction between AFTB M2 and estrogen sulfotransferase
We made AFTB M2 docked with estrogen sulfotransferase, the docking result was shown in Fig. 5 . There was formed cation-π interaction between the benzene ring and arginine residue (ARG B:129). The phenolic hydroxy group furan ring hydrophobic interactions with arginine residue （ARG B:256） ，lyrosine residue（TYR B:192） ，and glycine residue (GLY B:258). The oxygen atom in furan ring formed hydrophobic interactions with arginine residue（ARG B:256） ，the carbonyl group in coumarin formed hydrophobic interactions with tyrosine residue (TYR B:192) .
The interaction between AFTB G1 and estrogen sulfotransferase
We made AFTB G1 docked with estrogen sulfotransferase, the docking result was shown in Fig. 6 . There was formed cation-π interaction between the benzene ring and arginine residue (ARG B:129). The inside carbonyl group in coumarin formed hydrophobic interactions with arginine residue (ARG B:256)，allysine residue (LYS B:257) and glycine residue (GLY B:258). The outside carbonyl group in coumarin formed hydrophobic interactions with allysine residue (LYS B:47)， The oxygen atom in furan ring formed hydrophobic interactions with arginine residue(ARG B:256). 
The interaction between AFTB G2 and estrogen sulfotransferase
We made AFTB G1 docked with estrogen sulfotransferase, the docking result was shown in Fig. 7 . There was no formed cation-π interaction between the benzene ring and any residue. The inside carbonyl group in coumarin formed hydrophobic interactions with arginine residue (ARG B:256), allysine residue (LYS B:257) and glycine residue (GLY B:258). The outside carbonyl group in coumarin formed hydrophobic interactions with allysine residue (LYS B:47). 
Estrogenic effect in zearalenone
Zearalenone [6-(10-hydroxy-6-oxo-trans-1-undecenyl)-resorcylic acid lactone, abbreviated as ZEN] is a mycotoxin that is produced by Fusarium roseum and is usually isolated from moldy corn (Reed et al, 2004) . Zeranol a synthetic tetrahydro-derivative of ZEN, has been used as a growth promoter for food-producing animals (Caldwell et al., 1970) . Earlier studies have shown that ZEN and ZOL have strong estrogenic effects, and each of them was reported to have a similar dose-response curve pattern in stimulating uterine weight gains in neonatal rats or immature mice (Urry et al, 1966) . The most commonly ZOL are α-ZOL and β-ZOL, which are shown in Fig. 8 . Fig. 8 Chemical structure of ZEN, α-ZOL, β-ZOL and β-estriol
The interaction between ZEN and α-estrogen receptor protein
In order to prove the estrogen effect of ZEN in molecular stage, we used the molecular docking software to simulate the binding situation between ZEN and α-estrogen receptor protein, as Fig. 9 shown, ZEN can perfectly docked into the cavity of estrogen receptor protein crystal structure, and the hydroxy group of benzene ring formed strong hydrophobic interactions with contiguous alanine residue (ALA350) and glutamic acid residue (GLU353), which strengthen the binding ability between the ligand sand the receptors. Fig. 9 The interaction between ZEN and α-estrogen receptor protein
The interaction between ZEN and β-estrogen receptor protein
We used the molecular docking software to simulate the binding situation between ZEN and β-estrogen receptor protein, as Fig 10 shown , the 3-hydroxy group in benzene ring of ZEN formed strong hydrophobic interactions with contiguous histidine residue (HIS475) and glycine residue (GLY472), which strengthen the binding ability between the ligand sand the receptors. The interaction between ZOL and estrogen receptor protein
We have proved that ZEN molecule had favorable binding ability with α-estrogen receptor protein and β-estrogen receptor protein, which demonstrated that ZEN possessed strong estrogen effect.
In the following study, we would prove whether ZOL had the similar estrogen effect.
We used the molecular docking software to simulate the binding situation between α-ZOL, β-ZOL and α-estrogen receptor protein, β-estrogen receptor protein. From Fig 11, It was proved that α-ZOL can perfectly docked into the cavity of estrogen receptor protein crystal structure, 3-hydroxy group in benzene ring of α-ZOL formed strong hydrophobic interactions with contiguous arginine residue (ARG394) in α-estrogen receptor protein and glycine residue (GLY472) in β-estrogen receptor protein; aliphatic hydroxyl group in aliphatic chain formed strong hydrophobic interactions with methionine (MET421) in α-estrogen receptor protein and glutamic residue (GLU305) in β-estrogen receptor protein. The binding ability between β-ZOL and estrogen receptor protein was relatively weak and there only one existed hydrophobic interaction according to the docking results (Fig. 12) .
Fig. 11
The interaction between α-ZOL and estrogen receptor protein 
Introduction
The common bean (Phaseolus vulgaris L.) is one of the most widely consumed legumes in the world (Barros and Prudencio, 2016) . Bean growers are looking for new storage options that maintain the quality of seed beans for use in planting and also for beans produced for the retail market. The most frequent causes of losses in storage beans are: insects, fungi and rodents. This causes the decrease in quality, as taste and the appearance of grain (Bragantini, 2005) . The stored beans are mainly attacked by Acanthoscelides obtectus (Say), Zabrotes subfasciatus and Callosobruchus maculatus (Botelho, 2002) . Insects are vectors for fungi and cause physical damage to the grain. The control of both effects is important in the safety and quality of stored grains (Aquino and Potenza, 2013) . This study analyzed the insects and mycobiota in samples of Phaseolus vulgaris (pinto beans) purchased in several retail markets in São Paulo.
Materials and methods
Fifteen 1-kg samples of Phaseolus vulgaris (pinto bean) were purchased in retail markets of São Paulo. Samples were sieved and the insects collected using aspirator. Samples were held at 27 ± 2º C and 70 ± 5% relative humidity for 45 days, sieved and the emerged insects collected. For the fungal isolation, the samples were submitted to direct plating on potato dextrose agar (PDA) and
